VCV Coarticulation in Arabic by Hussein, Lutfi
Omo STATE UNIVERSITY WoRKING PAPERS IN LINGUISTICS 38 (88-104) 
VCV Coarticulation in Arabic 
Lutti Hussein 
Ohio State University 
Abstract: Vowel-to-vowel coarticulation in VCV utterances has been the 
subject of several studies. Ohman (1966) found that vowels in VCV 
utterances in English and Swedish have trans-consonantal effects on one 
another. He also found some evidence suggesting that secondary articulation 
features like palatalization in Russian block coarticulation. Action theorists, 
such as Fowler (1983), explain V-to-V coarticulation in terms of universal 
principles of speech timing; that is, they claim that vowels in speech 
production are underlyingly overlapping and consonants ride on top of the 
vowels. This suggestion implies that intervocalic consonants, regardless of 
whether they have secondary articulation features, do not block 
coarticulation. Keating (1985), on the other hand, explains it in terms of 
autosegmental phonology. She places the features for vowels and consonants 
on two separate tiers, and leaves consonant features unspecified for vowel 
features, so that V-to-V coarticulation is an interpolation between vowel 
targets. Keating's model implies that consonants that have secondary 
articulation (i.e. voweVfeatures) must block coarticulation. 72 VCV 
utterances which include combinations of all vowels in Standard Arabic and 
a set of four pharyngealized consonants and their nonpharyngealized 
counterparts have been acoustically analyzed to assess the validity of the two 
models. The final analysis of the data indicates that V-to-V coarticulation is 
not as simple as either of the two models claims it to be. Several other 
factors such as the identity of the vowel included in the sequence, the 
speaker, and the direction of coarticulation (anticipatory versus carryover) 
have proven to be crucially important in accounting for V-to-V 
coarticulation. 
1. Introduction 
Vowel-to-vowel coarticulation in VCV utterances has been the subject of 
several acoustical and perceptual studies during the last two decades (Ohman 1966; 
Purcell 1979; Fowler 1983; Keating 1985; Recasens 1985, 1986). Ohman (1966), a 
pioneer in investigating vowel-to-vowel coarticulation, found that vowels in Swedish 
and English exhibit systematic coarticulatory effects on one another across 
intervocalic stops in VCV utterances. He also found that neither fricatives in 
Swedish and English nor palatalized stops in Russian permit similar systematic 
coarticulatory effects in VCV utterances. This outcome had been a primary 
incentive for the many studies and models that followed, among which the most 
prominent are those of Fowler (1983) and Keating (1985). 
88 
89 HUSSEIN: VCV CoARnaJLATION IN ARABIC 
Fowler. (1983) explains coarticulation in tenns of timing. She claims that 
vowels are underlyingly overlapping in speech production and consonants are 
superimposed on the vowels. Thus, speech is prima'rily· a continuous production of 
vowels. The following figures, where lA is taken directly from Fowler (1983), 
elaborate Fowler's model. 
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F1g. 1: Fowler's model of coarticulation. 
According to this model, V-to-V coaniculation occurs because there is no 
temporal separation of vowels in either IA, where the intervocalic consonant is 
"superimposed" on the vowels, or 1B where there is no intervocalic consonant. 
This model implies that intervocalic consonants, regardless of what phonological 
features they may have, do not block V-to-V coaniculation. Such a claim obviously 
contradicts Obman's findings which indicate that some consonant classes s1.1ch as 
fricatives in English and Swedish and palatalized consonants in Russian block 
coarticulation, and Purcell's (1979) finding, which is derived from an extensive 
study on palatalization. that palatalized consonants in Russian indeed block 
coaniculation. 
Keating, by contrast, explains coarticulation in terms of feature association 
patterns in autosegmental phonology. See Figure 2 below for illustration. She 
places the featwes for vowels and consonants on two separate tiers, and leaves 
consonants unspecified for vowel features;· so that · V-to-V coarticulation is an 
interpolation between vowel targets. This model claims that intervocalic 
consonants that use the vowel tiers in the production of·consonants with secondary 
articulations such as palatalized consonants in Russian, .velarized /fl in Catalan, 
pharyngealized consonants in Arabic, etc. should block V-to-V coarticulation in 
VCV sequences. It also implies that consonants with no vowel fearures should not 
block coarticulation. This model, though it elegantly accounts for the behavior of , 
palatalized consonants in Russian, lacks the explanatory power to account for the 
behavior of intervocalic fricatives in English and Swedish as reponed by ())µnan. 
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consonants1 and four 
n onp haryn geali zed 
counterparts. Two of these are pharyngealized stops (i.e., /if and /g/) and two are 
fricatives (i.e., /§/ and /'ii). The data used in this study include all the 
pharyngealized consonants and their plain counterparts uttered in the context of all 
vowels, of which there are only three in Arabic, namely /i/, /a/, and /u/. With such 
characteristics, Arabic makes a potentially good example to test the two models 
sketched above. According to Fowler's model, Arabic should exhibit V-to-V 
coarticulatory effects in VCV utterances regardless of the identity of the intervocalic 
consonant. In other words, there should be no consonants, or classes of consonants, 
that block V-to-V coarticulation in Arabic. Keating's model, on the other hand, 
predicts that Arabic should only exhibit V-to-V coarticulation when the intervocalic 
consonant is nonpharyngealized. · It places no constraints on whether any 
nonpharyngealized consonants are· likely to block coarticulation, as is the case with 
fricatives in English and Swedish. 
Another related issue that will be discussed in this paper is whether 
coarticulatory effects are restricted to formant transitions or extend into the steady 
state. Early acoustic studies on coarticulation reported that coarticulatory effects in 
VCV utterances are limited to the transitions of the vowels (Ohman 1966) .. More 
recent· studies have shown that transconsonantal coarticulatory effects can extend into 
the steady state of the adjacent vowels as well as the transitions (Manuel and 
Krakow 1984). 
1 Several terms such as emphatic (Jakobson 1957; Ali and Daniloff 1972; 
Bonnot 1977 and· 1979), mufaxxama (Jakobson 1957), velarization (Obrecht 1961), 
and pharyngealization (Ali ll!ld Daniloff 1972; Ghazeli 1977; Card 1983) h!lve been 
used to describe the distinctive opposition among a set of consonants in Arabic. 
AccordiJlg to cinefluorographic studies, none of these terms is exclusively accurate 
in describing the distinction. All these terms, however, have been used 
interchangeably. by many linguists. In this study I will, following some tradition, be 
using the teniJ. pharyngealization to denote this distinction though the production 
process for ~hese sounds involves more· than just pharyngealization. 
2 Underlining is used in this study to denote pharyngealization. Thus /s/ is a 
plain dental fricative in . Arabic, but /y is a pharyngealized dental fricative. 
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The two models mentioned above present different views as to whether the 
steady state should show coarticulatory effects or not. According to Keating, 
coarticulation is an interpolation between two targets; a claim which implies that 
coarticulatory effects should be manifested somewhere on the transitions, not on the 
steady states. Fowler describes coarticulation as extending on the whole unstressed 
vowel (1981). The data from Arabic used in this study will be analyzed and tested 
for significance in relation to these issues. In particular, the effects of Vt and V2 
on the steady state of one another in V1CV2 utterances and the effects of 
pharyngealization will be emphasized. It is expected that pharyngealization, a 
feature which is a combination of raising the tongue dorsum towards the velum and 
retracting it towards the posterior pharyngeal wall, will lower the frequency of the 
second and third formant steady states for all adjacent vowels. 
2. Experiment 
2.1. Stimuli and Materials: A list of 72 utterances was constructed. A few of 
these utterances are actual words in Arabic and the majority are nonsensical 
sequences. The list contained the long vowels Ii/, la/ and lu/ in initial and final 
position of the sequences and the consonants It/, Id/, Is/, Pu and their pharyngealized 
counterparts. The total of sequences were calculated in the form three preceding 
vowels X eight consonants X three following vowels = 72. This list includes all 
possible combinations of vowels and eight consonants included in the study. 
2.2. Subjects: The subjects are two graduate students at The Ohio State 
University who are native speakers of Levantine Arabic. One of them will be 
referred to as LH, who is also the author of this paper, and the other as MA. 
2.3. Procedure and Design: All VCV sequences were written in Arabic script on 
3x5 inch cards. The cards were numbered and randomized in an attempt to 
eliminate any possible practice effects. Each of the 72 types was read five times by 
each subject with the following constraint on ordering: no token could be repeated 
until each of the other 71 tokens had been repeated at least once for any given 
cycle. The data were recorded in an anechoic chamber in the Linguistics 
Laboratory at The Ohio State University on a four track reel-to-reel recorder. The 
recording was then transferred to a cassette in a way that preserved the quality of 
the original recording. Subjects were instructed to read in a monotone and with 
phonemically long vowels. Wide-band spectrograms for all the tokens were then 
projected on the screen of a Voice ID RT 1000 machine used for spectrographic 
analysis in the Speech and Hearing Department at The Ohio State University. 
Zooming was carried out to enlarge spectrograms for the best possible projection for 
all the tokens. Measurements of frequency for the second formant were taken at 
four points in the V1CV2 sequences: 
(1) The steady state of Vt 
(2) The end of the transition of Vt (into C) 
(3) The beginning of the transition of V2 (out of C) 
(4) The steady state of V2 
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NS: 256 SD: 4064 mS FM: 5616 Hz TA: 912 
BW: 150 Hz SF: 16000 Hz Fm·: 0 Hz TB: 1920 
928 mS 2254 nis 1326 ms 
0 Hz • 2109 Hz D: 2109 Hz 
12 dB 27 dB 15 dB 
Fig• 3: Cursor placement at the center of the steady state of Y2 in the sequence /id.ii 
(speaker MA) 
NS: 256 SD: 4064 ms FM: 3312 Hz TA: 160 
BW: 150 Hz SF: 16000 Hz Fm: 0 Hz TB: 1552 
n 
174 ms 1500 mS 1326 ms 
0 Hz • 1218 Hz D: 1218 Hz 
3 dB 15 dB 12 dB 
Fig. 4: Cursor placement at the beginning of the transition of V2 in. the sequence /i "Gi 
(speaker LH). ­
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The measurements were taken by moving a cursor to the center of the formant and 
recording the frequency given automatically by the machine at the bottom of the 
screen. · Figure 3 shows an example of placing the cursor at the steady state of V2 
and Figure 4 shows it at the beginning of the transition for V2. 
It is worth noting that the final decision of writing the utterances in isolation 
rather than having them in a frame sentence was based on three pilot studies. The 
outcomes of these studies have shown that other intervening factors in speech 
production such as adjacent phones, rate of speech, and stress placement resulting 
from using the frame sentence contribute uncontrollably to coarticulation. Therefore, 
the researcher became convinced that the best method of conducting the experiment 
is to have the utterances recorded in isolation as did Ohman. 
3. Results 
Figures 5 to 10 show mean and standard deviation values of steady state 
(top) and transition endpoint (bottom) for each vowel when the preceding or 
following vowel is fl/ versus /u/, divided by speaker (dashed lines for LH versus 
solid lines for MA), by intervening consonant feature (squares for pharyngealized 
versus circles for nonpharyngealized), and by consonant class (fricative to the left 
and stops to the right). The four graphs in each figure have been labelled A, B, C, 
and D to facilitate the process of reference in the explanation section. 
The six figures have been grouped into two sets depending on whether 
V-to-V coarticulation is anticipatory or carryover. The first section shows the 
anticipatory effects and the second section shows the carryover effects. V-to-V 
coarticulation would be evident in the graphs as a significant difference between the 
connected /ii-context and the /u/-context means, with /u/-context means having lower 
frequencies than /ii-context means. 
3.1. Anticipatory V-to-V Coarticulation 
The first three figures show the effects of V2 on Vt in V1CV2 sequences. 
These effects are presented according to the preceding vowels in the order of /i/, /a/, 
and /u/. 
3.1.1. ANTICIPATORY COARTICULATORY EFFECTS ON /i/ 
Figure 5 displays the anticipatory effects on /i/. None of the four graphs 
shows any significant V-to-V coarticulatory effects across pharyngealized consonants. 
Indeed, the top two graphs (A and B) show a tendency for the second formant to 
systematically have higher frequencies when the following vowel is /u/ than when it 
is fl/. The top two graphs also show a tendency for the second formant frequency 
to decrease across nonpharyngealized intervocalic fricatives for both speakers and 
across stops for MA when the following vowel is /u/. This decrease, however, is 
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not statistically significant (F = .80, P < .3778 for fricatives) and (F = .32, P < 
.5765 for stops), so we cannot claim that there are coaniculatory effects on the 
steady state of /i/. The lower two graphs (C and D) show that pharyngeali.zed 
consonants block coarticulation. Nonpharyngealized consonants, on the other hand, 
manifest two types of behavior that depend on the intervocalic consonant class. 
Stops block coaniculation while fricatives show significant effects (F • 12.51, P 
<.01). • This conclusion conflicts with that of Oh~ who reported that stops in 
Swedish and English pennit V-to-V coarticulation and fricatives in both languages 
block it. One explanation for this contradiction is to assume that V-to-V 
coarticulation can be a language-particular phenomenon. It is not necessary to 
believe ,iiat what applies to one or two languages should apply to the rest of the 
J.1,2. ANTICJPATORY COARTICtJLATORY Eni:c1S ON /a/ 
Figure 6 displays the anticipatory coaniculatory effects on /a/. The figure 
shows significant coaniculatory effects on the transitions of /a/ across the two 
speakers when the intervocalic consonant is nonpharyngealizcd (F = 38.60, P < 
0.001 for fricatives and F = 57.82, P < 0.001 for stops). By contrast, there are no 
coaniculatory effects on the transition of /a/ across pharyngealized consonants (see 
languages in the world. 
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Graphs C and D). The feature pharyngealization plays a similar role in blocking 
coarticulation between the steady ,_states. Pharyngealization, however, does not seem 
to be the only factor that determines whether coarticulation should or should not 
occur. Other factors, especially the speaker, become important for coarticulation in 
this case. The speaker MA, for example, shows significant coarticulatory effects 
across intervocalic fricatives and stops (F = 40.69, P < 0.001). LH, on the other 
hand, shows coarticulatory effects ·across intervocalic stops only. 
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3.1.3. ANTICIPATORY COARTICULATORY EFFECTS ON /u/ 
Figure 7 displays the anticipatory effects on /u/. No systematic coarticulatory 
patterning can be elicited from Figure 7; none of the four graphs included in the 
figure shows significant coarticulatory effects. This outcome supports neither 
Keating nor Fowler. It shows that V-to-V coarticulation does not always exist in 
VCV utterances as Fowler claims. It also shows that coarticulation cannot always 
be attributed to the existence or absence of the secondary articulation feature 
pharyngealization as Keating claims; rather it can be the intrinsic feature of the 
vowel being studied that determines whether coarticulation should occur or not. 
Some vowels have shown to be more resistant than others to V-to-V coarticulation. 
/a/ seems to be the vowel most tolerant of V-to-V coarticulation, /i/ is less tolerant, 
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and /u/ is the least tolerant of coarticulation. This ·might be explained by the fact 
that /a/ is the only low vowel in Arabic. 1berefore, it has more room for 
allophonic variation than either fl/ or /u/, 
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Fig. 7: Anticlpaiory effects of V2 on /U/ as Vt. 
3.2. Carryover V-to-V Coartiwlation 
Figures 8-10 display the effects of V1 on V2 in V1CV2 sequences. The 
effects are arranged according to the quality of the following vowels in the order of 
fl/, /a/, and /u/. 
3.2.L CAlillYOVER COARTICULATORY EffECIS ON /1/ 
Figure 8 displays the canyover coarticulatory effects on /i/. Figme 8 
confirms Keating's prediction in two aspects: (1) only consonants with no vowel 
feature [+back]; nonpharyngealized consonants, allow V-to-V coarticulation, and (2) 
·the coarticuJatory effects can be restricted to the transidons of vowels for some 
speakers. The top two graphs (A and B), which display the carryover coarticulatory 
effects on the steady state of fJ/, show significant effects for the speaker LH (F = 
7.37, P <0.001), but no significant effects for the speaker MA. The lower two 
graphs (C and D), which display the cmyov~r coarticulatory effects on the 
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transition of /ii, show significant coarticulatory effects (F • 20.38, P <.001 for 
fricatives and F = 25.18, P= <.001 for stops) on /J/ when the intervocalic 
consonants are nonpharyngeallzed. By contrast, their pbaryngealized counterparts do 
not show significant effects. This conclusion argues against Fowler who claims that 
intervocalic consonants, regardless of what features they may have, should not. block 
coarticulation. It also shows that plain (nonpharyngealized) fricatives pennit V-to-V 
coarticulation in Arabic, unlike their "counterpans" in English and Swedish, as it 
has been reported by 6hman. 
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3.2.2, CARRYOVER COARTJCUUTORY EffEC1'S ON /a/ 
Figure 9 summarizes the carryover coaniculatory effects on /a/. Si.milar to 
Figure 6, coarticulatory effects occur systematically ·on the transition of /a/ so long 
as the intervocalic consonant is nonpbaryngealized. Both speakers exhibit significant 
coarticulatory effects across nonpharyngealized intervocalic stops and fricatives at F 
= 21.74, P < 0.001 for stops and _F = 15.82, P < 0.001 for fricatives (see Graphs C 
and D). In the meantime, and unlike any other figure that has been discussed so 
far, Figure 9 shows a case of V-co-V coarticulation across pharyngealized 
consonants. One speaker, UI, shows significant coarticulatory effects on both 
ttansitionS' (F = 63.60, P < 0.001) and steady state (F = 34.01, P < 0.001) of /a/. 
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The other speaker, MA, by contrast, does not show similar coaniculatory effects on 
either. 
Coaniculatory effects on the steady state seem to be dependent on the 
speaker. UI, on the one hand, shows significant and systematic coarticulatory 
effects across all intervocalic consonants; namely, across nonpharyngealized stops, 
nonpharyngealized · fricatives, pharyngealized stops, and pharyngealized fricatives. 
MA, on the other hand. shows a tendency for coarticulation to occur across 
nonpharyngealized consonants, but no coarticulation whatsoever across 
Fig. 9: Carryover effects of Vt on /al u V2. 
Several conclusions can be drawn from this ~gure: 
(1) Neither of the ' two models sketched above (Keating's and Fowler's), which were 
the main incentive to this study, adequately accounts for all cases of V-to-V 
coarticulation. Keating's model falls short of accounting for ·the coarticulatory 
effects across pharyngeali.7.ed consonants as is the case with UI, and Fowler's 
model cannot account for . the absence of coarticulation across pharyngealized 
consonants in the case of MA. 
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(2) The speaker has proven to be an important factor ,in V-to-V coarticulation. LH 
shows coarticulatory effects in all environments given in Figure 9. MA, b;y 
contrast, shows coarticulatory effects on the tranSitions of /a/ across 
nonpbaryngealized consonants only. 
(3) The direction of coarticulation (carryover versus anticipatory) seems to induce 
different coarticulatory patterns. The comparison between Figure 2, .which 
summarizes anticipatocy coarticulatocy effects on /a/, and Figure 9, which 
summarizes canyovcr coarticulatory effects on /a/, shows that V-to-V coarticulation 
is likely to occur across pharyngealized consonants as a carryover case but not as 
an anticipatory one. 
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Fig, 10: Carryover effectS of Vt on /u/ as Vi. 
3.2.3. CARRYOVER COARTICULATORY EFnCTS ON /u/ 
Figure 10 summarizes the carryover coarticulatory effects on /u/. Similar to 
Figure 7, Figure 10 does not show any systematic coarticulatory effects across the 
two speakers. It confirms the conclusion that /u/ docs not tolerate V-to-V 
coarticulation and consequently acts as the vo~l in· Arabic most resistant to 
coarticulation. One speaker, LH, however, exhibits anomalously significant 
coarticulatory effects (F = 8.59, P <0.0057) oo the transition of /u/ in 
nonpharyngeali7.ed environments. The same speaker exhibits coarticulatory carryover 
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effects on the transition and the steady state of the other two vowels in 
nonpharyngealized environments (see Figures 8, 9). He even sometimes exhibits 
carryover effects in pharyngealized environments as is the case with /a/ (see Figure 
9). He does not, however, show similar systematic anticipatory coarticulatory 
effects. This outcome implies that there might be some association between some 
speakers or dialects (see Discussion and Conclusions for an explanation on dialectal 
differences) and the direction of coarticulation. 
In general, the speakers in this study, especially LH, tend to show more 
carryover coarticulatory effects than anticipatory ones. Similar conclusions where 
greater carryover than anticipatory coarticulation occurs have been reported for 
English (Fowler 1981). 
The outcome in this figure and other figures indicates that V-to-V 
coarticulation can be vowel-dependent. Figures 6 and 9 show significant 
coarticulatory effects on the transitions of /a/ across all nonpharyngealized 
intervocalic consonants and across both speakers (see Graphs C and D in Figures 6 
and 9). The vowels {J/, as manifested in Figures S and 8, and /u/, as it is presented 
in Figures 7 and 10, do not show similar systematic coarticulatory effects on their 
transitions (see Graph D in Figure S and Graphs C and D in Figures 7 and 10). 
4. Discussion and Conclusions 
Data reported in the Results section have shown that V-to-V coarticulation in 
Arabic is not as simple as either of the two models predicts it to be. It cannot be 
assumed that coarticulation should occur in all VCV utterances, as Fowler's model 
implies, without taking into account all intervening factors in speech production; nor 
can coarticulation be solely attributed to the existence or absence of one feature in 
Arabic (pharyngealization), as Keating claims. Instead several other factors have 
been proven to be directly related and detrimental to coarticulation. 
A new approach is· needed to account for such a complicated phenomenon. 
First, I propose that V-to-V coarticulation is dependent on· vowel height and the 
number of vowels a language has. High vowels, especially back ones, are more 
resistant to V-to-V coarticulation than low ones. Also the degree of V-to-V 
coarticulation increases as the number of vowels in a language decreases and vice 
versa. This assumption accounts for the fact that V-to-V coarticulation occurs more 
frequently across non-pharyngealized consonants than across pharyngealized ones. 
Pharyngealization, a secondary articulation vocalic feature, does not only retract the 
tongue root towards the posterior pharyngeal wall, but it also raises it towards the 
velum. Figure 11, adopted from Ali and Daniloff (1972), shows the tongue 
movement during · the production of pharyngealized /!/ and non-pharyngealized /t/. 
The figure presents a sample that is based on a cinefluorographic investigation of 
pharyngealized and non-pharyngealized consonants' articulation. With 
pharyngealized consonants being [+back] and [+high], it becomes more likely that 
V-to-V coarticulation will be blocked. Therefore, none of the figures S through 10 
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shows systematic V-to-V 
coarticulation across 
pharyngealized consonants. 
This assumption also accounts 
for the fact that the three vowels 
of Arabic have shown various 
degrees of tolerance towards 
V-to-V coarticulation. /a/, being 
non-high and the only low 
vowel in Arabic, creates the 
perfect environment for 
coarticulation. There is enough 
room for allophonic variation 
and there is no vowel height to 
( resist coarticulation. Thus,
- !+I Figures 6 and 9 show the 
--- I± I highest degree of tolerance for 
V-to-V coarticulation. There are 
systematic coarticulatory effects 
on all transitions and most 
Fig. 11: A sample cine frame showing differences steady states across (in mm) in tongue position for contrasting non-pharyngealized consonants.pharyngealized l!I with non-pharyngealized N. There are also carryover 
coarticulatory effects for LH 
across pharyngealized consonants as well. /u/, being high and back vowel, is the 
most resistant to coarticulation. No systematic coarticulatory effects across the two 
speakers can be inferred from Figures 7 and 10. /i/, being also a high front vowel, 
has more tolerance than /u/ and less than /a/. 
Second, the speaker has been proven to be an essential factor in 
coarticulation. The two speakers participating in this experiment do not always 
show similar coarticulatory effects. In particular, speaker LH has shown 
coarticulatory effects in a wider range of environments than MA. This observation 
can be clearly seen in Figure 9 where LH coarticulates across pharyngealized and 
nonpharyngealized consonants while MA coarticulates across nonpharyngealized 
consonants only, in Figure 10 where LH shows significant coarticulatory effects on 
the transitions of /u/ while MA does not show similar effects, and in Figure 8 in 
which LH shows coarticulatory effects on the steady state of {1/ while MA does not. 
The only anomalous case exists in Figure 6 where the speaker MA shows 
coarticulatory effects on the steady state of /a/ and LH does not. 
This difference between the two speakers can be attributed to the rate of 
speech production that has been developed by each of the speakers and the dialectal 
differences that exist between the two speakers. People who have developed a habit 
of speaking fairly fast are likely to coarticulate more than those who speak at a 
slower rate. Both speakers participating in this experiment have been noticed to 
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have developed two different rates of speech production. The speaker LH has been 
noticed to speak faster than MA. This observation may account for the fact that he 
coarticulates in a wider range of environments than MA. 
Meanwhile, though both subjects are native speakers of Levantine Arabic, 
each of them speaks a "subdialect" within Levantine Arabic that is slightly different 
from the other. MA speaks urban Levantine Arabic and LH speaks rural Levantine 
· Arabic. The difference between the two subdialects may also account for the fact 
that LH coarticulates more than MA. In other words, it is likely that the patterns 
of coarticulation in rural· Levantine Arabic are different from those of urban 
. Levantine Arabic. Further studies are needed to confirm or refute this outcome. 
Third, the direction of coarticulation has also been shown to be an important 
factor in V-to-V coarticulation in Arabic. Carryover effects tend to occur almost 
systematically on the transitions of all vowels across nonpharyngealized consonants. 
The only exception to this systematicity is the absence of coarticulatory effects on 
the transitions of /u/ as manifested by MA. Carryover effects also show on the 
transitions and the steady state of /a/ across pharyngealized consonants as well for 
the speaker LH. 
Anticipatory effects, by contrast, are systematic across nonpharyngealized 
consonants on the transitions of /a/ only. No significant effects are manifested on 
the transitions of /u/ for either speaker in the same environment nor are there effects 
on the transitions of /i/ across nonpharyngealized stops. No significant effects are 
shown in any pharyngealized environment. 
The reasons for the systematicity in the carryover directio~ versus ihe 
sporadicity in the anticipatory direction can be attributed to the stress patterns. in 
two-long-vowel utterances and the phonological system of Arabic. Arabic places the 
primary stress on the first long vowel in these utterances and shortens the long 
vowel word finally. Thus, in actual production, V1 in V1CV2 utterances is generally 
longer and more emphasized than .V2. Therefore, the likelihood for V2 to 
coarticulate due to lack of emphasis and shortening is greater than that of V1. 
Indeed, most non-native learners of Arabic perceive long vowels in '!VOrd final 
position as /<:J /. For example, the. word /1~:/ meaning "no" is usually perceived as 
./l;J I (personal observation). · 
. Like most studies in speech pr~uction, the results of this experiment. are 
based on data obtained from . a relatively small subject populat,i9n. The findings are 
therefore far from conclusive. They, however, can serve as good starting points for 
examining a number of questions concerning V-to-V coarticulation in Arabic. 
Among these questions are: 
. (1) Do. Arabic speakers show more systematic carryover coarticulation than 
anticipatory ones, as the present study reveals? 
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(2) Could there be some kind of priority scale which would classify some factors 
as more important· than others in their effects on coarticulation? For example, the 
study reveals to me that vowel height is the most important factor .in determining 
whether coarticulation in VCV utterances should occur or not; there are always 
coarticulatory effects on the transitions of /a/, less so on Iii and /u/. The feature 
pharyngealization comes in second place; its presence blocks coarticulation in almost 
all cases, but its absence does not imply that coarticulation should occur. The 
speaker and possibly dialectal differences come in third place. Finally comes the 
intervocalic consonant class, though it has played a minimar role in this study, 
especially if we compare it to the role it played in Ohman's study (1966). 
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